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Introduction: Biomechanical studies have frequently shown a close relationship between the knee and ankle joint movements. ACL-deficiency may 
change the foot pressure pattern of the ACL-deficient knee subjects. The current study aimed to investigate the pattern of the foot pressure in coper 
and non-coper ACL-deficient knee subjects during standing on one and both feet. Methods and Materials: This case-control study was conducted 
on 12 coper and 12 non-coper ACL-deficient knee subjects and 25 age-sex matched healthy subjects. The subjects were tested barefoot during single 
and bilateral standing on the platform of a Zebris pedobarograph tool. The outcome measures included the measurements of the pressures of each 
part of the foot during the tests. Results: The results showed a significantly decreased total pressure only between the non-coper and control groups 
during double leg stance test. In terms of the forefoot pressure, a significant increased pressure was shown only in the non-coper ACL-deficient 
knee subjects during both single and double leg stance tests (P<0.05). In both test conditions, the coper ACL-deficient knee subjects showed forefoot 
and hind foot pressures very close to the control group (P>0.05). Conclusion: This study revealed marked changes following ACL-deficiency 
mainlyin non-coper ACL-deficient knee subjects. The increased forefoot pressure in non-coper ACL-deficient knee subjects was probably due to 
the forwarded line of gravity in these patients aligned with their base of support to keep their knees more stable. Further studies are needed to verify 
the differences between the male and female ACL-deficient knee subjects. 
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Introduction 
The anterior cruciate ligament (ACL), as the primary knee 
stabilizer in both static and dynamic status in sagittal plane, works 
mainly to prevent anterior tibial translation relative to the femur 
in an open kinetic chain (OKC) and vice versa in the closed kinetic 
chain (CKC) (1, 2). In addition, this ligament plays an important 
role in tibio-femoral rotational axis, particularly tibial internal 
rotation, during knee flexion (3). The incidence of the ACL injury 
is much higher in athletes than in normal people (4). When this 
ligament is torn, the subjects turn to be either copers or non-coper 
(5). The minority coper subjects (14-20%) use some complex 
neuro-musculo-skeletal strategies to dynamically stabilize their 
ACL-minus knees and are able to return to their professional 
sport at their pre-injury level (6, 7). However, the rest of the ACL-
deficient (ACL-D) knee subjects exhibit knee instability and use 
different strategies to keep their daily activities almost normal (8-
10). To return to pivoting sport activities, the non-coper ACL-D 
knee subjects need ACL-reconstruction surgery, which may not 
guarantee their return to the vigorous maneuvers (7, 10). A review 
of the literature reveals that the compensatory strategies used by 
each group are still controversial (11). In addition to the kinematic 
and kinetic parameters in gait analysis, during the last decade, 
investigation of the foot pressure patterns of patients have widely 
been accepted as a functional assessment to provide useful 
information to scientists (12, 13, 14). Due to the existence of the 
closed kinetic chain in the lower limb during stance phase of 
walking, researchers have studied the relationship between foot 
pathologies and the risk of ACL-injuries in different activities 
(15, 16). Some studies, such as Stergiou et al. (1997), have 
reported a close link between foot pronation and knee function 
through tibial rotations, which may predispose the subjects to 
knee injuries (17). This was also confirmed by Timble et al. (18) 
in 2002 who demonstrated a direct association between the foot  
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Table 1. Demographic characteristics of the subjects 
Groups No. Age (years) Height (Cm) Weights (Kg.) Times past Injury (months) KOOS Score (out of 100) 
Copers 12 26±3 176±4 69±4 10.2±5 85±3 
Non-copers 12 24±2 180±6 71±10 9±6.4 66±7 
Controls 25 23.7±2.4 179±5.5 70.9±11 - - 
 
Table 2. The foot pressure data of the coper, non-coper, and control groups in double leg stance (*=significant difference) 
Variables (N) Copers Non-Copers Controls P-value (ANOVA) Within Groups Analysis P-value 
Total Foot Pressure  47.8 45 50.8 0.043* 
Coper vs. Control 0.717 
Non-coper vs. Control 0.008* 
Coper vs. Non-coper 0.512 
Forefoot Pressure  39.6 55.9 36.1 0.027* 
Coper vs. Control 0.402 
Non-coper vs. Control 0.001* 
Coper vs. Non-coper 0.002* 
Hindfoot Pressure  60.4 44.1 63.9 0.038* 
Coper vs. Control 0.402 
Non-coper vs. Control 0.001* 
Coper vs. Non-coper 0.002* 
 
and knee movements during daily and sporting activities. Since 
then, many studies have been conducted to investigate knee 
injuries via foot pressure assessments. Chemielewski et al. (19) 
compared the weight bearing changes of the foot of the ACL-D 
and ACL-reconstructed knee subjects and reported a non-
significant reduction of weight bearing time in both groups when 
compared to those in the normal subjects. Hoftberger et al. (20) 
found a more foot pressure on the forefoot of ACL-D knee 
subjects related to the hindfoot during walking on level ground. 
Kaplan reported a marked reduction of the weight bearing time in 
both the forefoot and hindfoot of the ACL-reconstructed knee 
subjects three weeks after the surgery (21). In addition, there are 
many studies on the foot pressure of the subjects with different 
foot and knee problems (22, 23, 24). However, to the best of our 
knowledge, there is very little evidence regarding the foot pressure 
of the coper and non-coper ACL-D knee subjects during standing 
on one or both feet. Therefore, the current study aimed at 
investigating the changes on the foot pressure patterns of the 
coper and non-coper ACL-D knee individuals during static single 
and double leg stance conditions. 
Methods and Materials 
Subjects 
Based on the relevant sample size formula, 24 ACL-D knee 
subjects, including 12 non-coper and 12 coper ACL-D knee 
subjects, were recruited in the present cross-sectional case-
control study and were compared with 25 normal subjects as the 
control group. All the subjects were males and signed a consent 
form confirming their voluntarily participation in the study. The 
ACL-D subjects were recreational athletes and were selected 
based on the inclusion and exclusion criteria among the patients 
who had referred to the Tehran’s Sports Clinic in 2012. The 
ACL-minus knees were confirmed by MRI and should have had 
a completely torn ACL between the last 6-12 months. All 
patients had to have an isolated full tear of the ACL with no 
meniscal or other associated injuries. Another inclusion 
criterion for the patients was no noticeable pain or inflammation 
and the ability to stand on their injured limb with open eyes for 
at least one minute. The subjects were excluded if they had any 
meniscal or other ligamentous injuries, any visual, vestibular or 
neurological problems disturbing their balance, limitation of 
motion of the knees, inflammation, pain higher than 3 (out of 
10) in VAS in the injured or apparently healthy knees. The 
control group included 25 healthy males with no history of knee 
injuries or operation matched to the ACL-D knee subjects in 
terms of age, sex, BMI, and the level of activities (Table 1). 
Study design 
The present case-control study was carried out in the 
Biomechanic laboratory of the School of Rehabilitation at 
Shahid Beheshti University of Medical Sciences, Tehran, Iran, in 
2012. All the ACL-D subjects were examined, confirmed, and 
referred by one orthopedic surgeon expert in knee joint. Firstly, a 
professional physiotherapist working with athletes examined all 
the subjects and recorded their knee range of movement, pain, 
inflammation, and their ability to stand on their injured or healthy 
limbs individually and checked all the inclusion/exclusion criteria. 
The subjects were then allocated into the coper group if they had 
a KOOS score higher than 80 (out of 100), experienced no knee 
instability (giving way) during the last six months in any 
sporting activities, and had returned to their pre-injury level 
activities (25, 26). The non-coper ACL-D subjects were those 
who had experienced giving way at least once during the past six 
months, were not able to return to their pre-injury level 
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Table 3. The foot pressure data of the coper, non-coper, and control groups in single leg stance (*=significant difference) 
Variables (N) Copers Non-Copers Controls P-value (ANOVA) Within Groups Analysis P-value 
Forefoot 
Pressure  
40.7 59.4 38.2 0.027 
Coper vs. Control 0.600 
Non-coper vs. Control 0.001* 
Coper vs. Non-coper 0.017* 
Hindfoot 
Pressure  
59.3 40.6 61.8 0.025 
Coper vs. Control 0.600 
Non-coper vs. Control 0.001* 
Coper vs. Non-coper 0.017* 
Table 4. A comparison of all data during single and double leg stance at a glance 
Groups 
Single Leg Stance Double Leg Stance 
Forefoot Hind foot Forefoot Hind foot Total foot 
Coper 40.7 59.3 39.6 60.4 47.8 
Non-Coper 59.4 40.6 55.9 44.1 45 
Control 38.2 61.8 36.1 63.9 50.8 
 
activities, and had KOOS score less than 80 (out of 100) (25, 26). 
A Pedobarograph platform (Zebris, Company, Germany) with 
the size of 55*40*2.5 cm with 1920 capacitive sensors and a 
frequency rate of 100 Hz was used to record the pressure 
patterns of the subjects (Figure 1). Nakhaee et al. (2008) reported 
a good reliability index (ICC >0.90) for this system (27). The 
outcome measurements of the present study included the 
forefoot, hindfoot and total foot pressure during double leg 
stance, and the forefoot and hindfoot pressures during a single 
leg stance condition. To eliminate any bias of the order of the 
tests, the single and double leg standing tests were carried out 
randomly. All tests were carried out with barefoot by the 
following procedure: 
Single leg stance test: 
In this test, the subjects stood on the platform on one leg while 
their hands were next to their bodies and stared at the front wall. 
The data was captured for 10 seconds with a 30-second rest 
interval. Five successful trials were recorded. Only the injured 
legs of the ACL-D subjects were tested, while in healthy subjects, 
the test was carried out on the knees matched to the ACL-D 
knees (Figure 2). 
Double leg stance test: 
In this test, the subjects stood on the platform on both feet while 
their hands were next to their bodies and stared at the front wall. 
The data was captured for ten seconds and five successful trials 
were recorded with thirty-second rest interval (Figure 3). 
Statistical analysis: 
The values of the forefoot, hindfoot, and total foot pressure during 
single and double leg stance of the coper, non-coper, and control 
groups were collected in the Excel spread sheath and were 
statistically analyzed using SPSS (v. 20). The Kolmonogrov-
Smirnov test was run to check if the data was normally distributed. 
One-way ANOVA was used when the data was normally 
distributed in the three groups. The Bonferonni post Hoc test was 
used for within group analysis when the ANOVA showed a 
significant difference. The p-value was set at α=0.05. 
Results 
Prior to carrying out the main study, to ensure if the 
pedobarograph data of the study was reliable, a repeatability 
pilot study was conducted on five healthy subjects. The 
subjects stood on the platform both single and double leg 
stance three times. The test was conducted twice on the same 
day and once one week later. The Intra Class Correlation 
Coefficient (ICC) was 0.90%, which shows a good repeatability 
data that convinced the researchers to continue for data 
analysis with more subjects. The Kolmonogrov-Smirnov test 
showed that only the total foot pressure data was normally 
distributed. 
Table 2 shows that during the double leg stance test, the 
non-coper ACL-D knee subjects showed a significantly lower 
total pressure compared with that of the control group 
(P=0.008). However, the coper subjects showed a total foot 
pressure was very close to the control group (P>0.05). The 
analysis of the forefoot pressure demonstrated that the non-
coper ACL-D subjects applied significantly more pressure 
compared with that of either the coper or the control groups 
(P=0.002, P=0.001, respectively). Also, no significant 
difference was found between the coper and healthy groups 
(P=0.0402). Inversely, the data on hindfoot pressure revealed 
that the non-coper ACL-D subjects showed significantly 
lower hindfoot pressure compared with that of either the 
coper or the healthy groups (P=0.002, P=0.001, respectively). 
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Figure 1. A Zebris Pedobarograph Platform  
 
 
Figure 3. A sample of the foot pressure pattern during double 
stance test 
 
As Table 2 clearly shows, the non-coper ACL-D subjects 
showed lower total and hindfoot pressure and significantly more 
forefoot pressure than those of either the coper or control 
groups. In other words, the non-coper ACLD subjects kept their 
stability during double leg stance via applying more pressures on 
their forefoot on the ground. The coper ACLD subjects, 
however, could keep their stability during double stance 
standing very similar to the healthy subjects. They used less 
forefoot and more hindfoot pressure on the ground like normal 
subjects.   
The foot pressure pattern of the coper, non-coper, and 
control groups during single leg stance are provide in Table 3.  
During a single leg stance, only the forefoot and hindfoot 
pressures were recorded and compared among groups. 
According to Table 3, during the single leg stance, similar to 
the double leg stance, the forefoot pressure was significantly 
higher in non-coper ACLD subjects compared with that in 
either the coper or the control groups (P<0.05). The coper and 
control groups were observed to have forefoot pressures very 
close to each other (P>0.05). Again, the hindfoot pressure of the 
subjects showed a significant lower pressure in the non-coper 
ACL-D knee subjects as compared with that in the coper and 
control groups during single leg stance (P=0.017, P=0.001, 
respectively). 
Figure 2. A sample of the foot pressure pattern during a single 
stance test 
 
Comparison of Tables 2 and 3 is helpful in understanding the 
point that the non-coper ACL-D knee subjects used their 
forefoot more than their hindfoot to keep their stability during 
both single and double leg stance conditions. 
Table 4 was drawn to have a better comparison for foot 
pressure among different groups during single and double leg 
stance. 
Discussion 
The current study was carried out to understand how the coper 
and non-coper ACL-D knee subjects apply foot pressures on the 
ground during single or double leg stance to keep their balance. 
The results showed that the coper and non-coper ACL-D knee 
subjects used an opposite strategy to keep balance during either 
single or double leg stance conditions. In other words, while the 
coper ACL-D subjects showed foot pressures very close to the 
healthy subjects by applying more hindfoot pressure than 
forefoot pressure, the non-coper ACL-D knee subjects always 
used more forefoot pressure and less hindfoot pressure in 
standing conditions.  
The results of the present study are in some parts in 
agreement with many studies in the literature. The healthy 
subjects showed nearly 38% forefoot versus 62% hindfoot 
pressure during single stance, and 36% forefoot and 64% 
hindfoot pressure during double leg stance, which is in 
agreement with Cavanagh et al., Imamura et al., and Tuna et 
al. (28-30). Unfortunately, most investigations available in this 
area have studied healthy subjects and there are only a few 
reports on studying foot pressure pattern in ACL-D knee 
subjects. The current study confirmed the results in Hoftberger 
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et al. who reported more forefoot pressure in ACL-D knee 
subjects (20). In normal subjects, in sagittal view, the line of 
gravity passes slightly anterior to the knee joint and lands on 
the front of the ankle joint, thus needs little calf muscle 
activities to counter balance this small forward bending 
moment. However, in non-coper ACL-D knee subjects, who 
make up more than 80% of the ACL-deficient knee subjects, 
the line of gravity probably passes more through the front of 
the knee (31) and hyper-extends the joint to keep its balance to 
avoid giving way, thus lands more front of the ankle joint. This 
needs more calf muscle activities in these subjects who 
normally complain of many trigger points in this area. 
Therefore, these participants involuntarily use the front of 
their feet more in order to keep their balance during standing 
on level ground. This is in agreement with the quadriceps 
avoidance gait pattern which has frequently been reported in 
these subjects (32-34). In contrast, Harty et al. (2005) reported 
that a knee with flexion angle around 20 degrees is often used 
in subjects with lower limb instability to increase their forefoot 
pressure via closing their center of gravity to their base of 
support (35). This theory might be sensible in such subjects 
with ACL-deficient knee as this position places their hamstring 
muscle in a better position for pulling back their tibia by 
hamstring contraction (35). However, it should be noticed that 
this might be true only during the heel strike phase and not in 
standing single or double leg stance positions. In either of those 
above-mentioned theories, a co-contraction occurs around the 
knee joint to provide a physiologic stable knee by increasing 
knee prorioception and awareness to help the patients’ stability 
(36). In 2008, Kaplan et al. reported a marked reduction of the 
weight bearing time in both the forefoot and hindfoot of the 
ACL-reconstructed knee subjects three weeks after the surgery, 
which is expectable after the surgery (21). Some researchers 
have reported a less weight bearing force on the injured leg 
when compared to the healthy leg during a double stance 
position. This was reported by Ashvin et al. who reported this 
as a natural defense of the deficient knee to reduce total loads 
(37). In contrast, Chmielewski et al. reported an equal weight 
bearing on both knees of the ACL-deficient knee subjects 
during double leg stance. However, a detailed look at their 
study reveals that this did not occur routinely in these patients. 
In fact, this happened intentionally by the researchers to teach 
the ACL-deficient knee subjects to distribute their weights 
equally on their legs (9). In the current study, only the injured 
leg was studied and no comparison was made between the 
injured feet and the apparently healthy leg. 
Conclusion 
Following an ACL-deficiency, many foot pressure changes occur 
on the plantar pressure pattern of the ACL-D knee subjects, 
which were prominent only on the non-coper ACL-D knee 
subjects. A minority of these subjects, called copers, showed foot 
pressure patterns very close to those of the healthy subjects. 
Contrary to the coper ACL-D knee subjects who applied 
pressure more on the hindfoot rather than on the forefoot, the 
non-coper ACL-D knee subjects applied more pressure on their 
fore foot to keep their stability. Further studies are 
recommended to monitor the whole lower limb vectors in these 
subjects during either single or double leg stance positions. 
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